INTRODUCTION
============

Thyroid cancer prognosis is very good, and the frequency of complications after surgery is very low. Therefore, the cosmetic aspects of the surgery scar are now being emphasized \[[@B1]\]; a large number of thyroid cancer patients are very interested in the cosmetic aspects of their scars \[[@B2]\], partly because thyroid cancer has a relatively high incidence in young women and partly because a conventional thyroid surgery scar is highly visible. Therefore, in order to improve the aesthetics of these scars, minimally invasive thyroid surgery, including robot-assisted and endoscopic surgery, has been attempted and continues to develop \[[@B3][@B4][@B5][@B6]\]. A recent study reports that it is possible to reduce the incision size during surgery to minimize the size of the scar and found high patient satisfaction with the cosmetic effects \[[@B7]\]. However, small incisions could be damaged by excessive traction force or high temperatures from the energy delivery device because of the narrower surgical field. Thus, the risk of postoperative edema, burn, and scarring is increased \[[@B8]\]. When a surgical assistant enforces traction with the retractor to increase visibility in the surgical field, applying excessive force to the incision site could cause inflammation of the skin due to edema or blood circulation disorders, which could cause the postsurgical scarring.

A wound protector made of silicone has already been demonstrated to significantly prevent the drying of the surgical wound and to reduce the incidence of infection \[[@B9]\], and it has been widely used during endoscopic (laparoscopic, thoracoscopic) surgery. However, there is no available product that can be used during thyroid surgery. To address this lack, one study introduced covering the wound site with surgical gloves to protect the incision, and another used a drain made of silicone as a wound protector \[[@B10][@B11]\]. However, these methods are not widely used because of discomfort in use or the question of cosmetic effects. For this study, we used the EASY-EYE_C, a new silicone-based wound protector, to keep the wound from drying out and to protect against contamination from the tumor cells of the extracted organ as well as to add a self-retaining retraction function. The purpose of this study was to investigate the effectiveness of the EASY-EYE_C in protecting wounds from excessive traction, infection, and injuries from high temperatures and ultimately to improve the cosmetic aspects of the wounds. To objectively evaluate the scars, we used the Patient and Observer Scar Assessment Scale (POSAS), Vancouver Scar Scale (VSS), and modified Stony Brook Scar Evaluation Scale (SBSES), which were recently used in a number of papers \[[@B12][@B13][@B14]\].

METHODS
=======

Trial design
------------

We conducted this study as a double-blind randomized trial with an allocation ratio of 1:1. Informed consent was obtained from patients on the day before surgery. The study was approved by the Institutional Review Board of Kangbuk Samsung Hospital, The Sungkyunkwan University of Korea, on August 20, 2015 (approval number: KBSMC 2015-07-011-002).

Patients and interventions
--------------------------

We investigated a consecutive series of patients who underwent conventional total thyroidectomy or hemithyroidectomy performed by a single surgeon from August 2015 to June 2016. The exclusion criteria were previous surgery in the neck, known allergies to chemical products, history of hypertrophic scars or keloids, or poor Korean language skill, which would have prevented patients from clearly understanding and responding to the questions on the POSAS.

The same surgeon performed each operation through open cervical incisions between 4.5 and 6 cm (mean ± standard deviation \[SD\], 5.2 ± 0.34) long. The skin was incised with a scalpel (15 blades) down to the subcutaneous tissue and then with electrocautery until the subplatysmal plan, where the skin flaps were dissected up to the cricoid superiorly and the sternal notch inferiorly, with careful hemostasis. Then, the surgeon applied the EASY-EYE_C in the experimental group (E group) until the thyroidectomy was complete but not in the control group (C group) ([Fig. 1](#F1){ref-type="fig"}). The surgeon performed each thyroidectomy in the usual way using retractors and monopolar and ultrasonic electrocautery and removing the EASY-EYE_C after each surgical specimen was extracted. The surgeon achieved meticulous hemostasis before approximating and closing the skin layers; after he reapproximated the strap muscles of the neck and closed the deep subcutaneous layer with an interrupted absorbable suture, he used an intradermal continuous suture with 5-0 maxon on the skin. After each operation, the patients received a standard postoperative protocol and analgesic regime.

EASY-EYE_C
----------

This EASY-EYE_C device consists of a silicone-based protector that covers the skin at the incision site and a plastic part that covers the entire protector. On the plastic cover, there are eight parts that can be hooked in eight directions and 2 types of hooks, all of which can be adjusted depending on the surgeon\'s needs during the surgery; once the hook is applied, the surgeon can expand the wound from 3 to 8 cm and adjust the width by 2 mm ([Fig. 2](#F2){ref-type="fig"}).

Outcomes and measures
---------------------

At 6-week follow-up, a single blinded physician observed the wounds to make objective clinical assessments in person. The primary end point was the appearance of the wound at the sixth postoperative week as determined by the POSAS score \[[@B15]\]; the POSAS was initially developed for burn scars, but it has been used and validated for multiple types of wounds \[[@B16][@B17][@B18]\]. It is composed of two subscales, the Observer Scale (OSAS) and the Patient Scale (PSAS). The OSAS score comprises seven domains, all graded on a 10-point scale, with 1 indicating normal skin and 10 indicating the worst scar imaginable; a summary score of 7 indicates normal skin, with 70 being the worst possible scar result. After scoring the domains, the observer then rates the overall scar appearance on a visual analogue scale that corresponds to a 10-point scale. The PSAS has seven domains, all graded by the patient on a 10-point scale; 1 indicates the best or most normal result, and 10 indicates the worst or most disfiguring result. A summary score of 7 corresponds to normal skin, and 70 is the worst scar imaginable to the patient ([Table 1](#T1){ref-type="table"}). The OSAS was completed by a single observer who was trained in the use of the instrument on a series of patients before the start of the study, and the patients completed the PSAS during the same follow-up visit ([Fig. 3](#F3){ref-type="fig"}).

We assessed secondary outcomes including the VSS summary score and the modified SBSBE score along with the primary end point. The VSS (also known as the Burn Scar Index) was created in 1990 and is the most widely used rating scale for scars \[[@B19]\]. Four physical characteristics are scored: height, pliability, vascularity, and pigmentation, and each variable consists of ranked subscales that are summed to obtain a total score ranging from 0 to 13, with 0 representing normal skin ([Table 2](#T2){ref-type="table"}).

The modified SBSES includes width (0, scar widening prominent and \>2 mm; 1, scar widening present and ≤ 2 mm; 2, no scar widening), height (0, prominent scar elevation; 1, scar elevation present; 2, no scar elevation), color (redness) (0, scar prominently redder than the surrounding; 1, scar redder than the surrounding; 2, scar of the same color as or lighter than the surrounding skin), and visibility of the incision line (0, prominent incision line; 1, incision line present; 2, incision line absent) ([Table 3](#T3){ref-type="table"}).

Sample size and statistical methods
-----------------------------------

We determined the sample size considering the expected OSAS scores, which were our primary end point for this study. Based on previous literature, for means of 13.3 (SD, ±4.4) in the E group and 10.2 (SD, ±3.8) in the C group, a power of 80%, and an expected confidence interval (CI) of 95% (corresponding to P \< 0.05), the computed sample size consisted of 2 groups of 30 patients each. After we added 10% to account for the risk of dropouts, we enrolled a total of 33 patients in each group.

We analyzed the data using IBM SPSS Statistics ver. 24.0 (IBM Co., Armonk, NY, USA): we compared the mean scores for each group with the chi-square test for categorical variables and the Student t-test for continuous variables. We also tested for correlations using Pearson correlation coefficient

RESULTS
=======

During the study period, 66 patients underwent thyroidectomy, and all agreed to be enrolled in the study. There were no significant differences by sex, age, type of surgery, body mass index (BMI), length of wound, incision site (from the sternal notch), or thyroid weight, but operation duration was significantly shorter in the E group; these findings are summarized in [Table 4](#T4){ref-type="table"}. Of the 33 patients in the E group, 2 had benign follicular adenoma, 2 had nodular hyperplasia, 2 had Grave disease, and 27 had papillary carcinoma. Of the 33 patients in the C group, 1 had benign follicular adenoma, 3 had Grave disease, and 29 had papillary carcinoma. No recurrent laryngeal nerve injury or wound infection was noted in either group.

For POSAS scores, those in the E group were more favorable, with a mean of 43.2 (SD, ±15.9) compared with 68.3 (SD, ±21.5) in the C group, and this difference was statistically significant (P \< 0.05); [Fig. 4](#F4){ref-type="fig"} shows the distribution of scores for the different items. By mean observer and patient assessment, the E group showed significantly better outcomes in most of the scale subdomains. Separately, the mean differences in the modified SBSES subdomain scores between the E group and the C group were significant for all four subdomains: width (P = 0.013; 95% CI, --0.65 to --0.08), height (P = 0.011; 95% CI, --0.80 to --1.11), color (P = 0.007; 95% CI, --078 to --0.13), and incision line (P = 0.012; 95% CI, --0.64 to --0.08). The E group also showed significantly better VSS scores; only the pigmentation subdomain was not significant: pigmentation (P = 0.314; 95% CI, --0.21 to 0.63), vascularity (P = 0.023; 95% CI, 0.05 to 0.73), pliability (P \< 0.001; 95% CI, 0.33 to 1.12), and height (P = 0.016; 95% CI, 0.07 to 0.66). Summary scores for the VSS, SBSES, and POSAS are presented in [Table 5](#T5){ref-type="table"}.

Within this subgroup of 66 patients, we observed no correlations between the POSAS, VSS, and SBSES scores and patient age, sex, type of surgery, BMI, length of wound, incision site, or thyroid weight. The only variable that showed significant correlation with the VSS and SBSES scores was duration of operation (P \< 0.001) ([Table 6](#T6){ref-type="table"}).

DISCUSSION
==========

When considering a cervical incision, the aesthetic outcome is highly significant because the wound is almost permanently on view, and this aspect becomes even more important if we consider that young women constitute a large proportion of patients affected by thyroid disease. In recent years, surgeons have become increasingly interested in obtaining optimal aesthetic outcomes.

Many surgical methods have been attempted for increasing cosmetic satisfaction. Some surgeons have attempted using robots or endoscopes to place the incision site in an invisible position in the axillary or periareolar area rather than the neck \[[@B3][@B4][@B5][@B6]\]. Others have attempted to reduce the incision length, but this does not necessarily lead to improved patient satisfaction with the aesthetic outcomes \[[@B7][@B8]\]. One study compared the aesthetic appearance of cervical incisions closed with tissue glue (octyl-cyanoacrylate) versus subcuticular absorbable sutures and found that the subcuticular sutures provided better aesthetic outcomes with small cervical incisions in the early phase after thyroid surgery \[[@B12]\].

A wound protector made of silicone has already been demonstrated to significantly prevent surgical wound drying and to reduce the incidence of infection \[[@B9]\]. It has been widely used during endoscopic (laparoscopic, thoracoscopic) surgery, but there are currently no available products that can be used during thyroid surgery.

In this study, we used the EASY-EYE_C, a new silicone-based wound protector to improve the cosmetic effects of surgical wound. All scores for evaluating outcomes were higher in the E group than in the C group; we used the POSAS, VSS, and modified SBSES, which have been used in many recent studies, to assess the wounds \[[@B12][@B13][@B14]\].

The POSAS is a recent and promising scar assessment tool that incorporates both observer and patient ratings ([Table 1](#T1){ref-type="table"}). It consists of 2 distinct scales: the OSAS and the PSAS. The POSAS was recently validated for application with linear postsurgical scars \[[@B20][@B21]\]. The 2 studies found that both the OSAS and the PSAS had good internal consistency (Cronbach alpha, 0.74--0.90), and the authors also found also a significant correlation (convergent validity) between the VSS and OSAS (all P-values \< 0.001) scores. The PSAS stiffness score correlated well with the VSS pliability item (P = 0.02), but there were no other significant correlations between the PSAS and the VSS \[[@B20]\].

Although VSS has predominantly been used mainly in the evaluation of burn scars, it was recently validated to access surgical wound and showed comparable results. In 2 cohorts of women who presented linear scars from breast cancer surgery, the results for the VSS showed acceptable internal consistency (Cronbach alpha, 0.71--0.79) but poor to moderate interrater reliability (intraclass correlation coefficient, 0.03--0.64) \[[@B20][@B22]\]. However, one of those demonstaded that VSS did not show clinically useful information on the patient\'s symptoms or perspective \[[@B20]\]. To overcome this problem, Nedelec et al. \[[@B23]\] added 2 visual analogue scales (0--10 points) regarding to itching and pain.

The modified SBSES is a relatively new scar evaluation scale that correlates well with the cosmetic visual analogue scale \[[@B14]\]. Kim et al. \[[@B14]\] made slight modifications to the SBSES by using category scores from 0 to 2 to enhance sensitivity. Because thyroidectomy scars have buried sutures, the category "hatch marks or suture marks" was changed to "incision line."

In this study, operation duration was significantly shorter in the E group than in the C group, possibly because with the EASY-EYE_C hooks, the surgeon did not need to use the retractor or change the retractor position along the operating field as frequently. In addition, the protector covers the skin and strap muscle, which prevents the bleeding that occurs here from flowing into the surgical field; as a result, the surgeon has a good field of view during surgery and less time is spent wiping away blood. In addition, the EASY-EYE_C could be applied within 1e to 2 minutes including the time to hook it to the surgical site, and the hook positions usually did not have to be changed more than 2 times.

The wound healing process consists of the inflammatory (immediate to 2 to 5 days), proliferative (2 days to 3 weeks), and remodeling (3 weeks to 2 years) phases \[[@B24]\], and therefore, 2 years after an operation, the end of the remodeling phase, is considered appropriate for evaluating the final states of wounds. However, in this study, we assessed the scars 6 weeks after each operation. The reason is that a longer follow-up period might have increased the possibility of deviation from the study; more than half of the patients during that period receive treatment such as laser treatments to reduce scars of their wounds, which could have been a confounding variable in the study.

In this study, we did not exclude any of the enrolled patients because there were no contraindications to applying the EASY-EYE_C during any of the surgeries. Moreover, there were no dropouts; every patient who underwent thyroid surgery anyway visited the hospital 6 weeks after discharge for checking the thyroid function and prescribe medication.

This study has some limitations. The first relates to the fact we interrupted the trial at the checkpoint of interim analysis. Although the differences in OSAS scores were significant, for those differences, the computed power of the assessed sample was 80%, which limited the number of patients and thus possibly hid any differences in PSAS scores. Second, our follow-up was limited to 6 weeks, but it is known that the appearance of scars tends to improve with time \[[@B25]\]. A final limitation is that each patient was assessed by only 1 observer, and thus the objectivity of each assessment might have been lower than if we had used multiple observers.

In conclusion, many surgical methods have been attempted to increase the cosmetic satisfaction with thyroidectomy scars, including using robots and endoscopes. However, conventional thyroidectomy is standard in most patients and will continue to be for a number of reasons; it is standard with advanced thyroid cancer patients, many hospitals cannot afford expensive equipment such as robots and endoscopes, and few surgeons have the necessary advanced skills.

In this study, all outcome scores in the E group were superior to those in the C group, and operation time was significantly reduced. Therefore, the EASY-EYE_C may be a useful option for improving the cosmetic effects following conventional thyroid surgery.
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###### The patient and Observer Scar Assessment Scale
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###### The Vancouver Scar Scale
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###### The modified stony brook scar evaluation scale
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###### Personal and clinical data of patients
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Values are presented as number (%) or mean ± standard deviation.

E group, experimental group; C group, control group.

###### Distribution of mean scores for POSAS, VSS, SBSES
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Values are presented as mean ± standard deviation.

E group, experimental group; C group, control group; POSAS, Patient and Observer Scar Assessment Scale; OSAS, Observer Scar Assessment Scale; PSAS, Patient Scar Assessment Scale; VSS, Vancouver Scar Scale; SBSES, Stony Brook Scar Evaluation Scale.

###### Pearson correlation for SBSES, VSS, POSAS
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SBSES, Stony Brook Scar Evaluation Scale; VSS, Vancouver Scar Scale; POSAS, Patient and Observer Scar Assessment Scale.
